Introduction
Seagrass beds create a stable ground and compound structure from their expanded internodes and roots systems in the sediment and from the growth of shoots in the water column. This configuration is used as a shelter and nursery for many animals. In addition, seagrass are directly consumed by herbivores and are indirectly consumed in the form of detritus by deposit or suspension feeders. Therefore, seagrasses are a vital component of coastal ecosystems due to their habitat and trophic importance for many organisms.
In addition, tropical and subtropical oceans are generally oligotropic, however seagrass beds consistently show high primary productivity and high organic matter content (Nishihira et al. 1995) . In coastal and marine environments, seagrass beds constitute an important source of organic matter for use either within the meadow,
The decomposition characteristics of the seagrass
Thalassia hemprichii in Okinawa, Japan where it is produced, or for exportation to other ecosystems (Vetter 1994 (Vetter 1995 . In marine, angiosperm-based ecosystems, only a small portion of the plant leaves are consumed in situ. Most consumption occurs in the form of plant litter through the activities of crustaceans, gastropods, and microorganisms. The organic matter that goes into the litter as a result of primary production often remains within the meadow where it undergoes rapid decay. Thus, in coastal and marine environments, seagrass litter constitutes an important source of organic matter for detritivorus communities (Short and Coles 2001) . Therefore, understanding the flow of organic matter within and through seagrass beds is necessary to clarify the importance of seagrass as a source of organic matter. The examination of the dynamics of seagrass decomposition is also necessary.
These dynamics are strongly related to environmental characteristics such as water temperature, depth, hydrodynamic conditions, and vegetation. For example, Romero (1996, 1997) found that the decay rate of Posidonina oceanica was high during the warmer season at shallower stations. As such, the dynamics of seagrass decomposition are thought to change seasonally; in addition to, differences in local environmental conditions within and under a seagrass bed. Therefore, the examination of seagrass decomposition dynamics within the same area, but with different environmental conditions is also necessary.
Thus, the objective of this study is to demonstrate variation within seagrass decomposition dynamics under different patterns of seagrass distribution and seasons. As such, the amount of supplied organic matter from seagrass beds in ambient environments will be estimated by assessing low-density seagrass areas, seagrass areas without coral, with coral, and mixed seagrass species plots.
Material and Methods

Study sites
The study was carried out on the Bise coast, located in the northern part of Okinawa Island, Japan (Fig.1) showing a high-density. This site is also exposed during spring low tides.
Decomposition process of seagrass
For the study of decomposition process n field experi ments were run for 7-8 weeks from April to May (Spring), 
Results
Solar radiation and Temperature
The mean daylight hours from April to May, July to During summer, the field litterbag experiment was carried out when the mean water temperature during experimental period was the highest (27.9℃). In contrast, the mean temperature during the spring field litterbag experiment was 22.9℃, and in autumn it was 26.5℃
(http://www1.kaiho.mlit.go.jp/KAN11/index.html).
Litter degradation
Decomposition process of leaves
During the spring, approximately 80% of the average initial weight of leaf litter remained after the 1st week and 35% after the 2nd week (Fig. 2a ). This was followed by lower rates of decay, and after the 7th week, only about 10% remained.
During the summer, however, only about 45% of the initial weight of leaf litter remained after the 1st week.
This was then followed by lower rates of decay. After the 8th week about 15% remained.
In autumn, approximately 75% of the initial weight of leaf litter remained after the 1st week and rate of decay was consistently low. After the 7th week, about 25% remained.
There were significant differences in the pattern of weight loss in leaf litter over time between seasons (Twoway repeated-measures ANOVA, p＜0.01). Litter decayed more quickly in summer after the 1st week, and less quickly after the 2nd week in autumn (Fig. 2a) . The amount of remaining leaf litter was significantly smaller after the 1st week in summer and significantly larger after the 2nd week in autumn than in other seasons (Fisher's PLSD, p＜0.01). In the 4th week of the spring experiment, the amount of remaining leaf litter was significantly smaller than in other seasons. In addition, after the 6th week, it was significantly smaller than in autumn (Fisher's PLSD, p＜0.01). In addition, the weight loss pattern in leaf litter over time was the same between seasons at each site (Two-way repeated-measures ANOVA, p＜0.01).
There was no significant difference in the pattern of weight loss in leaf litter between sites over time (Twoway repeated-measures ANOVA, p＞0.01). In addition, the pattern of weight loss of leaf litter between sites in each season was not significantly different.
Decomposition process of sheaths
The remaining sheath litter was approximately 55% of the initial weight after the 1st week and 20% after the 2nd week during the spring (Fig. 2b ). This was followed by lower rates of decay. After the 7th week, only approximately 10% remained.
During the summer, about 25% of the initial weight of the sheath litter remained after the 1st week, and was followed by lower rates of decay. After the 8th week, only 15% remained.
During the autumn, approximately 60% of the initial sheath litter weight remained from the 1st week, and was followed by low rates of decay. By the 7th week, about 45% was remained.
There were significant differences in the pattern of the weight loss in sheath litter between seasons ( tion, sheath litter weight loss over time was the same between seasons at each site (Two-way repeated-measures ANOVA, p＜0.01).
There was no significant difference in the rate of sheath litter weight loss between sites. In addition, the pattern of sheath litter weight loss between sites in each season was not significantly different.
Total organic carbon (TOC) and total nitrogen (TN) dynamics
Carbon and nitrogen contents in leaves
In the leaf litter, the initial TOC content was significantly lower in the spring than in other seasons ( In addition, the time dependent change of TOC concentration in leaf litter at St. 1 during summer was signifi cantly different between sites (Fig. 4 , Two-way repeatedmeasures ANOVA, p＜0.01). The leaf litter TOC content varied after the 4th week; however, there was no significant difference between sites (Fisher's PLSD, p＞0.01).
The initial TN concentration was significantly lower in spring and higher in autumn than in other seasons ( At St. 1, leaf litter TN content varied after the 4th week in summer (Fig. 5) , however, there was no significant dif ference between sites (Fisher's PLSD, p＞0.01).
Carbon and nitrogen contents in sheaths
In the sheath litter, the initial TOC concentration was significantly higher in the spring and lower in the summer than in other seasons ( 
The change in the C/N ratio over time
The TOC concentration of old leaf material was similar to the sheath litter content ( Fig. 3a and 6a ), but the TN concentration was higher in old leaf than in sheath material ( Fig. 3b and 6b ). The TN concentration over time increased and the TOC concentration declined, therefore the C/N ratio also declined throughout the experiment (Fig.   7 ). The change in the TOC concentration over time was smaller in leaf litter than in the sheath litter and, and the change of C/N ratio was also smaller in leaf litter than in the sheath litter.
Carbon and nitrogen concentration of sediment
The TOC concentration of sediment was significantly higher at St. 3 than at other sites (Fig. 8 
Rt×Ct＝residual (%)
where Rt＝percentage weight (g) of the initial leaf or sheath litter remaining at each sampling time, and Ct＝the TOC or TN content of the leaf or sheath litter at that time.
The degradation pattern of the TOC and TN components of the litter were similar to the change in weight loss over time, and also varied between seasons.
In this study, the environmental differences did not impact the processes occurring in the seagrass litter. Thus, the amount of organic matter derived from seagrass decay at each station was influenced by the overall seagrass biomass differences at each station.
In autumn 2007, the estimated net loss of TOC and TN in seagrass during decomposition at each site was calculated as follows (Mfilinge 2002 Table 1 ).
The amount of plant material and estimated net nutritional loss derived from the seagrass at each site were different between sites (Table 1) 
Discussion Litter degradation and TOC and TN dynamics
In this study, old leaves had a higher initial TN (lower C/N ratio) and nutritional value than sheaths in every season (Figs. 3, 6 and 7) . In general, those organic materials that are rich in N (low C/N ratio) favor mineralization, whereas those that are poor in N (high C/N) favor the immobilization of organic matter. In addition, an initially high N (low C/N ratio) content often results in high microbial assimilation efficiencies, an increase in miner alization, and therefore, a fast decay rate (Nishio 1989 ).
However, in adult seagrass plants, the sheath encircles and protects newly formed leaves (Belzunce et al. 2005 ). As such, it is likely to contain many structural carbonate com ponents, such as lignin and cellulose, which are highly resistant to decomposition. Seagrass leaves however, have relatively higher caloric and crude protein content than the sheath (Aketa and Kawamura 2001) . As such, the differences in decomposition patterns between old leaves and sheaths were probably due to the TN content and structural differences. (Blum and Mills 1991) . In this study, the change in the weight loss of leaf litter over time decreased throughout the experiment, while the sheath litter remained unchanged after the 2nd week (Fig. 2) . In addition, by the end of the experiment, more weight loss occurred in old leaves than the sheaths. This is most likely because the old leaves contain higher, less recalcitrant, and lower, insoluble, constituents than sheaths. the soluble, less recalcitrant plant constituents can more strongly reflect bacterial activity than the inso luble materials. As such, the difference in the weight loss patterns of leaf and sheath litter materials was most clear at the initial phase in the experiment (0-2 weeks) (Fig. 2) .
While the increasing pattern of the sheath litter TN concentration over time was not significantly different be tween seasons, the same pattern was shown in each season (Fig. 6b) . In addition, the weight loss of the sheath litter became constant after the 2nd week (Fig. 2b) . This can be a result of the microbial degradation of insoluble materials and decomposition. The decomposition of the labile sedi- Table 1 The number of shoot and biomass of T. hemprichii (50×50 cm 2 quadrats) and the amount of the loss and net loss of TOC and TN from the initial to the 7 th week after the start of the experiment at each site. Values are means±SE, n＝3 and letters indicates significant differences between sites (ANOVA, p＜0.01). ment, and carbon is sensitive to temperature variation whereas resistant components are not (Thornely and Cannell 2001, Giardina and Ryan 2000) . Therefore, if the refractive component of the sheath material is not very sensitive to temperature variation, then the change in litter TN concentrations over time would be the same regardless of season.
The change in leaf and sheath litter weight loss over time is related with season (Fig. 2) . Previous studies have also shown the seasonal change of degradation of the decay plants (Mateo 1996 , Boer 2000 . The major cause of weight loss in the decay plants is bacterial activity.
Microbial (bacterial and fungal) biomass associated with decaying Thalassia testudinum and other species incubated in litter bags was estimated from direct microscopic determinations of microbial abundance and cell volume (Blum et al. 1988) . Bacterial activity and biomass are also dependent on water temperature (Mateo 1996) .
Microbes are responsible for the mineralization of plant nutrients. Their activities increase the nutritive value of detritus by mineralizing plant carbon and assimilating nitrogen, thus decreasing the C/N ratio (Blum et al. 1988,) .
As mentioned by Suzuki et al. (2003) who has proposed a Seagrass Decomposition Process Model (SDP model) emphasizing the importance of microbial loop, the microbial abundance and their activity have great influence on seagrass decomposition process. In this study, the TN concentration of leaf and sheath litter was characterized by increases over time (Figs. 3b and 6b) . Thus, the C/N ratio declined (Fig. 7) . During the summer, the TN concentration in leaf litter over time was consistently higher than in other seasons (Fig. 3b) . Between summer and spring, the increase of TN concentration over time was significantly higher, and the weight loss at the initial phase in the experiment (0-2 weeks) was significantly larger in summer than in spring (Figs. 2 and 3 ). This could be due to the increasing bacterial biomass and higher bacterial activity during the warmer water temperatures of summer than in spring.
Solar radiation also affects seagrass decomposition. Zepp et al. (1998) suggested that increased solar radiation (UV-B) has both positive and negative impacts on microbial activity in aquatic ecosystems. This can affect carbon and mineral nutrient cycling. A positive impact of solar radiation on microbial activity is that it induces changes in the structural decomposition of plants, increasing the bioavailability of detritus to bacteria 2 to 3 fold (Vahatalo et al. 1998 ). In addition, solar radiation promotes the leaching of dissolved organic matter from exposed detritus (Mans et al. 1998) Previous studies regarding the carbon loss in plants materials have often covered periods of months to years (Blum et al. 1988 ). This time however, the focus was on the initial process of seagrass decay and the change in TOC concentration over time. As such, it did not vary much with short term climate differences. The changes in the TOC concentration of plants over time has shown an initial decrease due to the rapid release of total, nonstructural, carbonates such as sugars and starches which can be subsequently utilized by microbes. Thus, an increase in the TOC concentration may be due to the rising con centrations of structural carbonates per plant and as a result of the loss of other constituents (sugars and starches) in the detritus. The remaining, insoluble plant components are then left to decay (Mfilinge et al. 2002; Blum et al. 1988 ).
The initial decreasing trend in the TOC concentration over time in seagrass leaves of Posidonia oceanica lasted for seven days (Mateo 1997) , while that of mangrove leaves (Bruguiera gymnorrhiza and Kandelia candel) lasted for 17-31 days (Mfilinge et al. 2002) .Moreover, studies have also shown that, the degradation of plant materials and the concentration of plant microbes were greater in seagrass leaves than in mangrove leaves (Blum et al. 1988 , Boer 2000 , Holmer and Olsen 2002 . Therefore, in this study, the initial decreasing trend in the changes at leaf litter TOC concentration over time was due to a rising propor-tion of structural carbonate per dry matter as a result of the loss of other plant components to detritus. In addition, the lack of change in the sheath litter over time is due to its insoluble composition.
Incidentally, the season with the most over-all leaf litter loss was spring (Fig. 2) . This is most likely due to additional consumption by benthic animals, such as; crabs, gammarids and sphaeromatids. These small animals ap- Zepp et al. 1998; Chin-Leo and Benner 1991; Mans et al. 1998; Ziegler and Benner 2000) , substrate composition (Boer 2000) , water depth, and waves Romaro 1997, 1996) impact the process of plant litter decom position. In this study, the large variation of organic carbon and nitrogen contents at St.1 may be caused by the unstable environmental condition without seagrasses. In Bise, the environmental differences only caused a small impact to the process of plant litter decomposition during the summer. This might be related to the moderate coral population within the study site. However further, understanding the positive influence of water temperature and solar radiation on the process of plant litter decomposition is important in grasping the dynamics of seagrass decomposition.
Seagrass biomass and nutrition net loss derived from seagrass
Generally, the seagrass shoot height and biomass relate with environmental differences such as water temperature.
For example, Zostera marina shoot height and density is higher from April to June than from August to October (Hosokawa et al. 2006) . Therefore, understanding the changes of seagrass biomass at each site is necessary to measure the seagrass ability as a source of organic matter, as well as to estimate the nutrition budgets derived from seagrass at each site.
The estimated amounts of TOC and TN from sheath litter after 7 weeks from the litter bag (g per 1 g DW litter)
were approximately 70% and 16% of that from old leaf litter respectively, due to old leaves that had a higher initial TN and nutritional value than sheaths (Table 1 ). In addition, after the 7th week, approximately 75% and 55% of the initial weight of leaf and sheath litter respectively decayed (Fig. 2) . If the sheath litter decayed completely, the estimated amount of TOC and TN from the sheath litter (g per 1 g DW litter) would have been approximately 90% and 20% of that from old leaf litter respectively. In addition, it is expected that sheath litter appreciates in nutritional value over time, due to the increasing TN concentration plant carbon mineralization and nitrogen assimilation (Kurihara 1988) . To estimate the function of the above-ground part of seagrass beds as a food source through decomposition, it is necessary to consider not only leaf materials as a nutrient source due to their differing nutrient values and decomposition processes.
Incidentally, the TOC and TN concentrations within the sediment were particularly high at St. 3, while the other sites were about the same (Fig. 8) . This could to be a result of coral presence; as it is thought that coral is associated with nutrient dynamics. For example, the mucus that corals exude is designed to trap particulate matter from passing water (Huettel et al. 2006) . In addition, the stable ground and compound structure in seagrass beds creates calmer currents that subsequently affect the C and N concentration in sediments and influences the process of organic matter deposit. In addition, generally sediment nutrients are the key factors to seagrass growth and biomass. Therefore, to further estimate the nutrient dynamics in Bise, additional studies concerning the influence of coral and seagrass distribution on the process of organic matter deposition is important.
